Background and Objectives: Despite recent improvements in accessibility of services to prevent mother-to-child transmission of HIV, maternal retention in HIV care remains a challenge in the postpartum period. This study assessed service utilization, program retention, and linkage to routine services, as well as clinical outcomes for mothers and infants, following implementation of an integrated mother-infant clinic in rural Rwanda.
Background and Objectives
Of the 1.2 million new HIV infections among women worldwide in 2014, 66% occurred in sub-Saharan Africa (SSA), [1] and an estimated 600 children were infected with HIV daily through mother-tochild transmission (MTCT). [1] While the expanded coverage of prevention of mother-to-child HIV transmission (PMTCT) services and the introduction of the "Option B+" for life-long antiretroviral therapy (ART) for pregnant mothers with HIV have greatly reduced vertical transmission in this region, [2] many challenges remain in the elimination of MTCT and effective ART service delivery for women and children. [3] Challenges to effective PMTCT and maternal outcomes include the linkage of women into HIV care and treatment services at the time of HIV diagnosis and retention in care during key transition points throughout pre-partum and post-partum periods. [4] Integration of maternal and child health (MCH) services has been proposed as one method to improve retention of mothers and infants in care, particularly during the critical post-partum period, [5] which accounts for the greatest attrition from routine HIV care. [6] During the post-partum period, mothers face the dual challenge of accessing appropriate care for themselves and for their HIV-exposed infants, who are at higher risk for morbidity and mortality than their non-HIV exposed counterparts. [7] Postpartum services for maternal HIV care and PMTCT for exposed infants are rarely integrated, [8] leading to poor adherence and high attrition from care after delivery and during the breastfeeding period. [9] Experience with integrating mother and infants' services, clinical outcomes from integrated services, particularly beyond six weeks post-partum, and linkage to routine care after PMTCT period are limited and rarely described in the literature. [10] The Rwanda Ministry of Health with support from a non-governmental organization, Partners In Health (PIH), developed and implemented a novel model integrating mother-infant HIV care services called the "Combined Clinic". The Combined Clinic aimed to decrease the care seeking burden on postpartum HIV-positive mothers through integration of maternal and infant care, thereby reducing the number of clinic visits, transport costs, and time away from other duties, such as employment and child care responsibilities. This study assessed utilization of the Combined Clinic services, program retention, linkage to routine services after the clinic and outcomes for mothers and infants enrolled in the clinic.
Methods

Study setting
Rwanda, a country of approximately 11.3 million people in Eastern Africa, had an overall HIV prevalence of 3.0% in 2015 with a higher prevalence (4.0%) among women of childbearing age. [11] In 2010, Rwanda national guidelines adopted lifelong ART for all pregnant women with HIV infection and established a goal of reducing MTCT to <2% by 2015. [12] Nationally reported MTCT rates at 18 months post-partum declined from 6.7% in 2011 [13] to 1.8% in 2014, [14] primarily due to improved access to decentralized PMTCT services and improvements in early infant diagnosis via dried blood spot testing. [15] Both ART and PMTCT services are offered at 97% of primary health centers throughout the country, which also provide basic maternal and child health (MCH) services including antenatal care (ANC), immunizations, family planning (FP) and management of acute childhood illness. [14] According to the Rwanda national protocol, HIVpositive pregnant women are identified through routine voluntary counselling and testing services during their first ANC visit or upon positive pregnancy testing within the HIV care and treatment program. These women are provided integrated ANC and PMTCT services throughout pregnancy, and following delivery are referred to continue routine HIV care and treatment at an adult ART clinic. HIVexposed infants are also provided follow-up care for 18 months post-partum at a separate PMTCT clinic within the same health facility. The follow-up care includes administration of nevirapine prophylaxis until 6 weeks of age, cotrimoxazole from 6 weeks to 18 months of age, routine screening for malnutrition and infections, and HIV testing at 6 weeks, 9 months, and 18 months of age. ART and PMTCT services are located in the same health facility, but typically not integrated in terms of staffing or clinic room.
In the Combined Clinic model, mother and infant services are delivered at a single point of care until infants reach 18 months of age ( Figure 1 ). Mothers enrolled in the Combined Clinic in facilities included in this study were also enrolled in the communitybased accompaniment program (CBAP) supported by PIH. Under CBAP, patients receive daily home visits from lay treatment partners trained as community health workers who deliver and monitor treatment uptake. The CBAP intervention and related outcomes have been previously described in detail. [16] Additionally, mothers enrolled in Combined Clinics received nutritional supplementation via a monthly food package, consisting of 4 kg of porridge mixture (maize, soybean and sorghum) and 1 kg of sugar. Mothers with a documented viral load above >1000 copies/ml were provided with an option of artificial milk formula feeding, which included a monthly ration of 1.2 to 2.4 kg of artificial milk powder until the infant is 9 months old, in addition to the standard monthly distribution of the porridge mixture and sugar. Mothers provided with artificial milk formula also received stoves, fuel, and clean canisters for artificial milk preparation. Clinic nurses demonstrated proper breastfeeding and artificial milk preparation techniques. The Combined Clinic utilized an electronic medical record (EMR) system, which generated monthly alerts to clinicians for delayed patient visits and other clinically significant notices.
Study population, data collection and analysis
We conducted a retrospective cohort study of HIV-positive mothers and their infants aged 0-18 months enrolled in Combined Clinics in all 23 health centers in Southern Kayonza and Kirehe Districts between July 1, 2012, and June 30, 2013. Eligible mothers and infants were identified using the EMR system. Mothers and infants enrolled in the clinic but whose records could not be matched to confirm mother-infant relationship were excluded from the study. We extracted data on mother-infant pairs including demographics, service utilization and outcomes from patient charts and registers. Maternal and infant lossto-follow-up was defined as lack of a clinic visit after 15 months post-partum. Infant HIV test was considered done if both test date and test results were recorded in the charts, and an infant's definitive HIV diagnosis was based on the date and results of the last HIV test recorded in the charts. Infant use of nevirapine and test at six weeks was limited to those enrolled before two months of age and test at 18 months of age excluded those who died, transferred or lost to follow up. Acute and chronic malnutrition was measured by z-scores for weight-for-height and height-for-age, respectively, and analysed according to the World Health Organization 2006 Child Growth Standards where z-score < -3 was considered severe acute or chronic malnutrition, -2 to -3 was moderate acute or chronic malnutrition, -1 to -2 was mild acute or chronic malnutrition, and >-1 was no acute or chronic malnutrition. [17] We performed descriptive analyses using Stata v13 (College Station, TX: StataCorp LP). The Rwanda National Health Research Committee (Kigali, Rwanda), Rwanda National Ethics Committee (Kigali, Rwanda) and Partners Institutional Review Board (Boston, USA) approved this study. We also received data collection permission from the heads of the facilities.
Results
Mother and infant care utilization patterns
From July 1, 2012, to June 30, 2013, 185 motherinfant pairs enrolled in the Combined Clinic in Southern Kayonza and Kirehe Districts (Table 1) . At enrollment, 55.8% of mothers (n=101 of 181) aged between 25 and 34 years, 30.3% (n=57) were using a modern FP method (injectable contraceptives, oral contraception, condoms and implants), and 98.4% (n=182) were documented to be receiving ART. For the infants, 89.4% (n=135 of 151) were delivered through vaginal delivery, and 83.3% (n=140 of 168) were enrolled between birth and two months of age. In regards to service utilization, 97.1% (n=136 of 140) and 89.7% (n=166) infants were documented to have received nevirapine and cotrimoxazole, respectively, according to national guidelines (Table 2 ). In addition, 95.1% (n=176) infants had at least one documented HIV test result during their time in the program with 69.3% (n=97 of 140) having documented test result at six weeks (0-2 months), 63.8% (n=118) at 9 months (+/-3 months) and 87.8% (n=151 of 172) at 18 months (≥15 months).
Linkage to services and outcomes
Following completion of the 18 months postpartum follow-up, 98.4% of mothers (n=182) were discharged from the Combined Clinic and linked back to an adult HIV program, one (0.5%) mother died, and two (1.1%) transferred outside of the catchment area (Table 3) . No mother was lost-to-follow-up. Of the 182 mothers completing the Combined Clinic time, at discharge 72.0% (n=131) were using a modern FP method and 100% were on ART. For the infants, 93.0% (n=172 of 185) completed 18 months of follow up, eight (4.3%) transferred out of the catchment area, four (2.2%) were lost-to-follow-up and one (0.5%) died. Of the 176 infants with HIV 
Discussion
In this study, we report an integration of interventions resulting in high retention in care for mothers with HIV, with 98.4% alive and in care after 18 months post-partum and 100% linkage back to routine adult HIV care following discharge from the Combined Clinic. Few studies have specifically examined retention in care for mothers during the post-partum period, though there are estimates from SSA that 50-82% of HIV-positive mothers remain in ART care in the first six months post-delivery. [6, [18] [19] [20] In Rwanda, one recent report estimated a post-partum retention rate of 67% at 11-13 months. [21] Most PMTCT programs in SSA have separate mother and infant services [6, 19, 20] and attempts for service integration are unstructured and often restricted to prenatal, rather than postpartum care. [18] The barriers that mothers face in the prenatal period, such as lack of family or community support, stigma, waiting time at hospitals and transport difficulties [3, 6] are heightened in the post-partum period, particularly with increased clinic visits when mother and infant services are separate. In addition, mothers may prioritize infant care over their own, increasing maternal loss-tofollow-up. [6] Our findings suggest that integration of maternal and infant services in the extended post-partum period and providing additional CBAP supports may promote retention in the postpartum clinic by reducing traditional barriers to care for mothers and facilitating re-linkage to adult paediatric HIV care.
Additionally, mothers in the Combined Clinic had high uptake of FP methods. The rate of FP utilization in this cohort (72.0%) compares favourably to FP utilization among HIV-positive women elsewhere in East Africa, ranging from 58-75%. [22, 23] In Rwanda, FP is routinely offered within HIV services, and previous studies have reported up to 53% of women utilizing FP at any given time. [11, 24] To our knowledge, this is the first study to report rates of FP utilization at 18 months post-partum for mothers with HIV in Rwanda. Our study supports previous literature that integration of FP with HIV care may result in the secondary benefit of increased utilization of FP services. [25] Retention of infants in this cohort at 15-18 months was considerably higher (93.0%) than for other programs in the region, which have reported retention ranging from 33.0-79.2%, [9, 26] including Rwanda (76.0%). [21] The HIV infection rate among HIV-exposed infants discharged from the Combined Clinic was low (1.1%), and consistent with national reports for MTCT in Rwanda (1.8%); [14] [27] due to wide availability of integrated PMTCT services, high uptake of routine PMTCT services (including prophylaxis and HIV testing), and early implementation of lifelong ART for pregnant women with HIV. [28] Despite the provision of monthly food supplementation to complement breastfeeding, the nutritional outcomes for infants upon exit from the program were suboptimal. The rate of moderate to severe chronic malnutrition at 15-18 months observed in this cohort is higher than the overall rate of 41.6% reported among children 12-17 months of age in Rwanda. [11] This could be due to the fact that HIV-exposed infants have poorer nutritional status as compared to their non-exposed counterparts, which has been well established in resource-poor settings. [29] In a recent cohort of HIV-exposed infants > 12 months in Rwanda, 63% of males and 37% of females met criteria for moderate to severe chronic malnutrition. [30] However, given that only 51.4% of infants had documented anthropometric measurements at program end, there may be a reporting bias for malnourished children, which could have potentially overestimated the rate of malnutrition in this cohort.
This study had a number of limitations. As the study utilized data routinely collected as part of the clinical care, there were missing data for variables, including FP, infant testing and nutritional outcomes. The incomplete documentation could be due to lack of documentation by treating clinicians with implications such as underestimation of transmission. We recommend review of the patient record system to increase ease and supervision of documentation to ensure complete records. Additionally, as our study did not compare directly to a standard model of care, we cannot directly attribute our findings to the reorganization of care services. Further, additional support provided for patients in this cohort, such as community-based accompaniment and nutritional packages, may have contributed to our findings, and the impact of each component should be studied in the future.
Conclusions and Global Health Implications
In summary, we believe these findings suggest that integration of maternal HIV and infant PMTCT services in conjunction with a community-based accompaniment program contributes to high maternal retention in HIV care and treatment following delivery and the breastfeeding period. To our knowledge, this study is the first such program described in the literature, and the favourable utilization and clinical outcomes for both the infant and mother may inform similar programs in related contexts.
Although not yet studied in our context, the integration of these services may also provide valuable efficiencies not only for the patient experience, but also for health system organization, efficiency, and financing. [21] Further data on the impact of this model on frequency of patient visits, patient and provider satisfaction, and long-term clinical outcomes may also prove valuable as validation of this service integration to inform future HIV and PMTCT programming in SSA. 
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